The results of the research process of producing metalized products by solid-phase reduction of iron using solid carbonaceous reducing agents. Thermodynamic modeling was carried out on the model of the unit the Fe-C-O and system with iron ore and coal. As a result of modeling the thermodynamic boundary reducing, oxidizing, and transition areas and the value of the ratio of carbon and oxygen in the system. Simulation of real systems carried out with the gas phase obtained in the pyrolys of coal. The simulation results allow to determine the optimal cost of coal required for complete reduction of iron ore from a given composition. The kinetics of the processes of solid-phase reduction of iron using coal of various technological brands.
Coal weakly caking brand -SS; coal skinny mark -MOT). The compositions of the materials used and reducing technical analysis are shown in Tables 1-3 . The studies included thermodynamic modeling of solid-phase reduction of iron oxide iron ores using software system "Terra", developed at the Moscow State Technical University. N.E. Bauman [3] .
The process of reduction of iron oxides, iron ore according to the principle Baykova takes place in steps:
The use of coal as reducing processes associated with the development of the direct and indirect restoration. Direct reduction of iron oxide with solid carbon is in accordance with the reactions: (3) According to [1] in the presence of a solid carbonaceous reducing the interaction between carbon and iron oxides is carried out with the assistance of the gas phase which is recovered by a carbon gasification reaction:
CO 2 + C = 2CO -166,32 MJ. (10) 2. Thermodynamic modeling includes research on the model of the elementary system and study the recovery of iron ore from the oxides of iron ore using coal of various technological brands. Model systems elemental composition element wise Fe-С-O, formed by setting the composition of the starting mixture in a 1 mol Fe 2 O 3 oxide and the number of moles of carbon and oxygen, respectively are varied parameters n and m (Fe 2 O 3 +nС+mО). In the simulation process is carried out the following tasks: determination of the temperature and the amount of carbon to ensure full recovery of iron; determining the optimum values of the index a* (measure a*=m/n -number ratio of oxygen to carbon in the system). Figures 1 shows the dependence of the absolute content of the gas components (a) and the condensed phase (b) of the parameter a*.
a -the composition of the gas phase depending on the values of a*; b -the components of the condensed phase, depending on the value of a* Thermodynamic modeling of solid-phase reduction of iron oxide ore using coal of various grades of technology was carried out taking into account the element, reducing carbon oxide compounds (Table 4, 5) and the composition of the gas produced by heating the reducing agents (Table 6 ) [5 -7] . The results of process simulation solid reduced iron using coal as a reductant possible to determine the dependence of the degree of reduction of iron and the gas phase flow of coal from each processing mark. 3. The study included high temperature laboratory experiments. The resulting simulation reducing cost values corresponding to the highest degree of reduction, were used in the manufacture of ore-coal compositions. Pre components subjected to crushing and desired fractions followed by classifying, then in predetermined proportions of ore and reducing agent composition were averaged and subjected to briquetting. These briquettes were placed in a graphite crucible and covered with a lid. The crucible with braces injected into the hot zone resistance furnace heated to a temperature of the experiment and kept at isothermal holding time. For the experiments was chosen isothermal holding temperature 1173 K at the holding time of 90 min. In the resulting experiments metalized materials by chemical analysis determined the content Fe total , Fe met , by calculation determines the degree of metallization -φ met , according to the formula: φ met = Fe met /Fe total ·100, where Fe met -metallic iron content,%; Fe total -total iron content (amount of oxidized and metallic iron) %. The highest degree of metallization (close to 97 %) was obtained by applying the ore-coal briquettes, which corresponds to an amount of reducing agent, the resulting thermodynamic modeling (Figure 2b) .
Influence of physico-chemical properties of the carbonaceous reducing processes was studied by solid state reduction of kinetic studies [8] . Experiments were performed using a batch weighing method in a resistance furnace at temperatures 1273, 1373, 1473 K, and the isothermal hold duration 90 min. The calculation of the degree of recovery in the construction of the kinetic curves was carried out taking into account the loss of mass of sample corrected for moisture content in a mixture of volatile and fly away. The criterion considered 100% recovery linkage weight loss corresponding to the total carbon monoxide formation reactions -1, 2, 3. The experimental results obtained by using as a reducing coke nut, caking, long-flame coal and lignite with different isothermal soak temperatures are shown in Figure 3 .
From these dependences that after 60 minutes of isothermal heating at a temperature of 1473 K have the greatest degree of reduction in briquette made up using as a reducing long-flame coal. The resulting material contains Fe met -83%, with φ met -96 %. As a result, the isothermal hold at a temperature of 1373 K for 60 min. the greatest degree of recovery in briquettes made up using as a reducing agent of brown coal. The resulting material contains Fe met -67 %, with φ met -97 %. As a result, the isothermal hold at 1273 K for 60 minutes in the highest degree of reduction observed for briquettes made up using as reducing lignite. The resulting material contains Fe met -50 %, with φ met -97 %. Fig. 3 shows that the intensity of the processes of solid-phase reduction of iron oxides, iron ore depends not only on the material composition used in iron and carbon components, but also on their physical and chemical properties. Study of the processes of thermal decomposition was carried out by reducing periodic weighing sample placed in a resistance furnace at a constant heating furnace from 300 to 1200 K. The experiments used a fraction of the corresponding coal used in the manufacture of ore-coal briquettes. To create conditions of oxygen deficiency in the furnace supplied with a neutral gas, argon flow rate of 50 ml/min. From the figure it is shown that thermal decomposition process different grades of coal proceeds differently. Thermal decomposition of brown coal begins at temperatures lower than the thermal decomposition of the stone. Amount of gaseous products evolved during the thermal decomposition of brown coal, significantly more than the expansion of long-flame and caking. The process of thermal decomposition of coal caking occurs less intense compared to other brands of coal under consideration [9] .
Conclusions.
As a result of the research, a thermodynamic model of the process of obtaining the metalized products by solid-phase reduction of iron oxides from iron ore using coal as a reductant. Application of the model allows to determine the optimal cost of coal of different brands in the preparation process of metalized products with a given composition and degree of metallization. In the course of the research also obtained data on the influence of physical and chemical properties of different carbonaceous reducing agents on the intensity of the recovery processes. The data obtained can be used in the development of co-processing techniques iron ore and coal in order to obtain high quality metalized materials.
